Two years ago we (Gray and Halton, 1946) expressed the opinion that d-tubocurarine chloride was the curare preparation of choice and were surprised that anmsthesiologists of the United States had preferred a comparatively crude substance. It is gratifying to find that the pure alkaloid is now used almost exclusively in this country and tends to replace intocostrin in the New World. It is unfortunate, however, that the States continue to assay their preparations against an arbitrary standard rather than compute the dosage in mg. of the pure alkaloid. It is even more regrettable and to be deprecated that one firm has introduced a preparation of tubocurarine of different strength to that usual in this country. Such deviations from accepted local custom can only cause confusion and may be dangerous.
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The history, pharmacology and story of the clinical use of d-tubocurarine chloride have been amply discussed during the last years. This paper, therefore, will be a critical appraisal of the status of this substance in the light of three years' experience of its use in anesthesia.
I circulated a questionnaire to all the anmsthetists in the Liverpool district who were using d-tubocurarine chloride for their major abdominal and thoracic surgery. From the replies it would appear that in Liverpool alone close on 8,500 cases had been anesthetized with the aid of this substance up to the end of 1947. Much information accrued from this survey, and, most important, it was evident not one of these other anmsthetists had had a single death which they attributed in any way to d-tubocurarine chloride. Nor had they seen any evidence of an unexpected side-effect.
From my own observations on the human, electrocardiogram and from animal experimentation (Gray and Gregory, 1948) it seems quite certain that there is no significant effect produced by d-tubocurarine chloride on the heart. In animals large amounts injected quickly may produce a sudden fall in blood-pressure. In human subjects, although Harroun and her colleagues (1947) have described a slight fall in blood-pressure, I have never been able to observe this and in two cases it did not follow the very rapid injection of doses of the order of 45 mg. Nor did Smith (1947) , in the experiment in which he received 500 units of intocostrin, exhibit any alteration in the blood-pressure.
There has not been any evidence of kidney or liver dysfunction following the use of tubocurarine nor, in my experience, has there been any hyperglycemia. I have used this substance in diabetic patients without any disturbance of their carbohydrate balance.
1The March Meeting will appear in the next issue of the Proceedings.
AUG.-ANESTrH. 1 Therefore, it is in a sense true to say that this is one of the least toxic drugs used in anesthesia. Those stumbling-blocks, the heart, the liver and the kidneys, are unaffected by it. Nevertheless, it is potentially one of the most dangerous drugs we are called upon to exhibit.
d-Tubocurarine chloride produces paralysis of striated muscle by interfering with the conduction of the motor impulse across the myoneural junction. The muscles of respiration, the intercostals and diaphragm, being striated, are affected. Although some muscles are affected more and therefore earlier than others there is really no constant serial progression in the paralysant effects. There is a marked overlap and any dose likely to to be of service to anaesthetists will affect to some extent the respiratory muscles. At the outset, therefore, it might be said that any substance which is likely to impair the respiratory function so drastically cannot be safe. That is a matter of opinion, for it is now recognized that the anmsthetist is able to compensate for such effects and restore to normal the impaired tidal exchange. That is now an everyday procedure but complete competence in assisting respiration and in dealing if necessary with an apnceic patient is an essential pre-requisite for the anesthetist who intends to use this substance.
Ever since the important work of Ranyard West in 1938 there has been reason to fear that bronchospasm might prove to be a serious if not a prohibitive factor in the employment of preparations of curare in clinical practice. West examined the exposed lungs of guinea-pigs and observed that an intense bronchiolar-constriction followed the intravenous injection of crude extracts. His clinical experiences also seemed to confirm this action.
There appeared to be a certain similarity of this action to the effects of injections of histamine, a similarity which was made more striking by the report of Comroe and Dripps (1946) that the intradermal injection of tubocurarine produced a wheal similar to that produced by histamine. Landmesser (1947) in an important communication last year showed that bronchiolar-constriction occurred in seven out of ten dogs after an injection of 0 3 mg. of d-tubocurarine chloride. The spasm did not occur if the animal was "protected" by the previous administration of the antihistamine preparation, benadryl. The work of Gregory and Schild (1947) has shown quite conclusively that histamine is liberated when solutions containing d-tubocurarine chloride are perfused through mammalian skeletal muscle.
In April 1947 when this Society discussed this subject (Proc. R. Soc. Med., 1947, 40, 593) more than one reputable authority reported bronchospasm in patients anaesthetized with d-tubocurarine chloride and in one or two cases this was thought to have produced a fatal result. We should review the position in regard to this possibility, remembering, however, not to give undue importance to the results of animal experiments when, as is in fact the case, the clinical evidence contradicts them. Halton and I have given d-tubocurarine chloride to 2,500 cases; out of these broncho-constriction has occurred only once and that was in a very bad asthmatic who was bronchoscoped when thiopentone was the anesthetic agent used. The only other report of bronchospasm in Liverpool also followed a bronchoscopy when difficulty was experienced in inflating the lungs after withdrawal of the bronchoscope. Bronchospasm is not uncommon when bronchoscopy is performed under thiopentone, and in this latter case anoxia was present before the spasm developed and was an aggravating feature. Therefore, there have been two cases in over 8,000, and they both might have been expected to develop this complication. When there is a resistance to manual inflation of the lungs by pressure on the rebreathing bag, quite apart from occasions when there has been frank obstruction due, for example, to a kinked tube, there is a tendency for anxsthetists to say, "Ah! bronchospasm". The condition has been described by Morton (1945) as characteristic of light anaesthesia and this I believe it to be. If the anxsthesia is too light, whenever there is an intense stimulus such as that provided by laparotomy, tightening of the diaphragm and intercostal muscles in association with bronchospasm is likely to occur. I am convinced that this accounts for most of the difficulties which have been experienced. The whole picture in such a case is changed by increasing the depth of anxsthesia or by further curarization. I feel justified in saying that the possibility of this complication need be no deterrent in the use of d-tubocurarine chloride.
As to the effects on other smooth muscles, Cole (1946) has shown in dogs that tubocurarine abolishes the normal intestinal movements and that they are restored by morphine. Massey Dawkins (1947) reported a series of cases in which the incidence of post-operative ileus caused some inconvenience.
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fault in technique and whilst the others in the light of subsequent experience with the drug might have been avoided they were bad risks and were due to misjudgment rather than to mismanagement. The case in which death was attributed to tubocurarine was that of idiosyncrasy which has already been reported (Gray and Halton, 1948) . If steps had been taken to avoid the regurgitation of stomach contents even this case might not have ended fatally.
How safe then is this substance? Dr. John Talbot of the University of Buffalo School of Medicine stated recently: "That it is only human to minimize the untoward reactions of a new therapeutic substance in the enthusiasm of discovering and subjecting it to clinical trial" (Talbot, 1948) . This mistake I hope I have not made. I have reviewed the facts as we know them and it is for each of us to form our own judgment.
The use of tubocurarine confers two blessings upon the anmsthetists and the surgeons and one, perhaps the greatest, upon the patient. It ensures complete abdominal relaxation, and, if necessary, perfect control of the respiration. Both of these are possible quickly and at once, with a certainty which is most comforting for the anmsthetist and surgeon. The great blessing for the patient is that the anesthetist can achieve these desiderata without resorting to deep anesthesia.
Wb have in the past considered that it served a further function. The small amounts of narcotic drugs necessary to maintain anesthesia led us to believe that the narcotic effectiveness of anesthetic agents was increased by d-tubocurarine chloride, i.e. there was a potentiation effect; however, this,is not the case. I have carried out a controlled; series of experiments in which volunteers have been subjected to repeated doses of thiopentone and d-tubocurarine chloride and have tested their pain sensitivity and the time of their return to consciousness. It has become clear in the course of these experiments that our impression, as may so often be the case with clinical impressions, led us to an unjustifiable assumption. The experiments are still progressing but we have gone far enough to be able to say that there does not appear to be any decrease in sensitivity to painful stimuli or prolongation of the narcosis when d-tubocurarine chloride is used with thiopentone. TECHNIQUE Each anesthetist will adopt the technique which suits him best, but I would again appeal for the universal adoption of a test dose for I fear that otherwise difficulty and embarrassment, if not indeed tragedy, will sooner or later attend the administration of effective doses of this substance. The following technique has given us the most consistent and best results: Very light premedicationAis still the rule. For adults we use morphine grain 1/6 (11 mg.) and atropine grain 1/100 (0 65 mg.). The tubo-OA 562'.., Section of Ancesthetics curarine is given intravenously and our custom is to give J of the estimated induction dose as a test. Usually for adults this is 5 mg.,. and the effect of this on the conscious patient is watched for two minutes.. In the very great majority the result is purely subjective. They feel a little drowsy and heavy in the eyelids, which they will frequently close. On request they are able to open their eyes and there should be no real ptosis.
Any patient who exhibits more than this, e.g. complete ptosis, difficulty with speech or any difficulty with respiration is considered as being hypersensitive. This gives us a nice indication of the likely requirements of patients, particularly aged patients, in regard to d-tubocurarine chloride.
In the absence of any unforeseen reaction another 10 mg. is given followed immediately by 0-5 gramme of thiopentone. An endotracheal tube or a pharyngeal airway, depending upon the exigencies of the case, is introduced and the cheeks packed to ensure a close fit of the mask which is now applied and connected to a closed circuit anmsthetic machine. Anesthesia for abdominal cases is usually maintained with thiopentone or kemithal, 50 % nitrous oxide and a little ether if required, the tubocurarine being given in doses of 5 mg. as necessary. I consider that the best attitude to the question of ether-d-tubocurarine chloride potentiation is to use the same amount of tubocurarine which we know to be non-toxic and to reduce considerably the amount of toxic ether. For some cases cyclopropane is preferred particularly in those who are aged, shocked or have a poor myocardial reserve.
In thoracic work anesthesia is maintained with kemithal and 30 %-50 % nitrous oxide and oxygen. fig. 1 it will be seen that prostigmine will increase the tidal exchange even twenty-three minutes after an injection of thiopentone 0 5 gramme and tubocurarine 15 mg.
It will be noticed that in the technique I have described the d-tubocurarine chloride is administered before the induction of anesthesia. There is a clear rationale for this.
The intravenous injection of thiopentone is effective within seconds, that of d-tubocurarine chloride takes about two minutes to reach its maximum effect. Synchronizing the maximum effects of both these drugs by giving the tubocurarine first facili- tates either intubation or the insertion of a pharyngeal airway. Some have reported a difficulty in intubation after thiopentone and tubocurarine; others have had to use more than 15 rmrg. for this purpose. I feel that if they gave the tubocurarine first they would appreciate the difference and have little difficulty. The objection to this procedure is that the needle may come out of the vein and the patient be left conscious and partially curarized. On the single occasion when this did happen and I felt that I might have difficulty in finding another vein I induced the patient quickly and smoothly with cyclopropane and on inquiry later she reported no unpleasant effects.
Intubation.-I now intubate rather more frequently. I am impressed with the danger of regurgitation of stomach and intestinal contents. The relaxation of the cesophagus and the light aniesthesia conduce to this and it is an accident which will obviously be more likely if there is an element of gastric or intestinal obstruction. Furthermore, in upper abdominal operations when an endotracheal tube has not been passed, manual inflation of the stomach has occasionally been coincidental with inflation of the lungs. This can be very trying for the surgeon and amusing to the onlookers but a little humiliating to the anaesthetist.
RESULTS
In conclusion what are the results likely to follow on the use of this substance? I have employed it in all ages varying from a 4-year old for lobectomy to an old gentleman of 87 who successfully underwent a nephrectomy and ureterectomy. The results have undoubtedly maintained their early promise. This is well exemplified by the fact that out of 145 consecutive lobectomies performed in the Liverpool Chest Surgical Centre there has not been one death. I want to emphasize, however, that the good results are due not to any inherently wonderful properties of d-tubocurarine chloride, but to the use of only light anaesthesia. I would like to examine some aspects of these results in a little detail.
(1) Shock.-It is a clinical impression among many that patients who have been anesthetized with the help of d-tubocurarine chloride suffer less from shock than those who were subjected to deep or moderately deep anesthesia. Ralph Knight, in America, goes so far as to say that deep aneesthesia is a more potent cause of peripheral circulatory failure than is surgical trauma. There is no doubt that these patients, provided that they have been handled carefully, are on the whole less shocked. Some have even postulated that tubocurarine has an anti-shock action in its own right. There is no pharmacological evidence for this and I do not think that it is a correct observation. The good condition post-operatively of the majority of these patients, I feel convinced, is accounted for by the fact that their vasomotor compensatory mechanisms are still active after a light anisthesia. Of course, there is likely to be a temporary fall in blood-pressure if the aneesthesia is not adequate when there is stimulation ofthe deep reflexes either in the abdomen or in the thorax. However, the patient is still able to compensate for these disturbances and quickly recovers ( fig. 2) .
A further comforting feature is that with this type of anmsthesia the condition of the patient at the end of the operation does not deteriorate when the mask is removed as is so often the case with other methods of anxsthesia, particularly if cyclopropane is used. You see the patient in his worst c6ndition at the end of the operation and not half an hour later in bed in the ward (figs. 2 and 3). Good post-operative condition of the patients despite bigger and more extensive operations and working with poorer risks is definitely a feature of this type of anesthesia. We are seeing less shock than ever before. I attribute this to early replacement therapy, replacing the lost blood almost drop for drop, and to light anesthesia.
(2) Vomiting: The actual incidence of vomiting in my own series of abdominal cases has not been significantly altered, but the length of time and severity of this vomiting is very considerably modified. Patients may still return the first drink, especially, as is so often the case, when this is given too early post-operatively, but the prolonged nausea, malaise and vomiting which used to be seen have practically disappeared from our post-operative wards. pharyngeal and cough reflexes fully restored at the close of the operation and the majority are co-operative and talking by the time they leave the theatre. The main contributory factors are thereby removed and I do not believe that it is possible to achieve this with certainty in major abdominal and thoracic surgery with any other method of general anesthesia. The part played by the anmsthetic in causing pulmonary complications must be very materially reduced. I would like to stress once again, however, that if there is one thing worse than returning the patient to bed with a respiration depressed by an anesthetic agent, it is returning him to bed with his respiration depressed by d-tubocurarine chloride. This will undoubtedly predispose to the incidence of post-operative atelectasis.
(4) Retention of urine: There seems to be an increased incidence of post-operative retention of urine. There is, of course, quite a considerable incidence of post-operative retention after any anesthesia even in those cases in which the operation could have contributed little towards its occurrence. Women are particularly prone to this complication, nervous patients and elderly men with incipient prostatism are also liable to develop it. A series of 127 abdominal cases were reviewed in an attempt to see whether there were any grounds for the complaints. This series did not include those gynecological or genito-urinary procedures which might be predisposed to urological disturbance. Retention of urine occurred in 24% of these patients and just on 9 % recovered after one or more injection of carbachol and 7 9 % had to be catheterized. Records of 185 patients were consulted and compared with 137 cases who had not had d-tubocurarine chloride. 15% of those who had been given dtubocurarine chloride had to have carbachol against only 9% of those who had not had tubocurarine. I think this is a difficulty and I have seen a case following lobectomy in a young male where the patient did not micturate naturally for seven days.
(5) Difficulty in accommodation: Lastly there is a tendency to difficulty in accommodation following operation. Four of my cases have complained that they were unable to read a newspaper for forty-eight hours. But I would ask with what other anesthetic are theylikely to try to read a paper so soon after major surgery?
What then is to be our verdict with regard to this substance? I believe that dtubocurarine chloride is not the final answer, but the absolute certainty of results, its comparative non-toxicity and the ease of the anasthesia in which it is used are factors which persuade me that, although we have not reached our ultimate goal we have indeed taken a most significant step. Griffith of Montreal observed the softening of electric convulsions by tubocurarine and in a flash of inspired genius saw its application to anmsthesia. He revolutionized our specialty by removing for all time the need for deep anesthesia. Dr. Frankis Evans said that he had been disappointed in the use of tubocurarine in bronchoscopy, and was interested to learn that Dr. Gray was not using the drug so frequently for this procedure. On the other hand he was most impressed with it in moderate dosage (15 mg.) together with pentothal and cyclopropane for upper abdominal operations.
He had had an interesting experience in regard to the occurrence of ileus after curare. At a certain hospital they had been using for abdominal surgery pentothal 0 5 gramme for induction followed by tubocurarine 10 mg. intravenously with cyclopropane as covering anesthesia. At the end of the operation the patient was given 1 ampoule (0 5 mg.) of prostigmine intravenously with no buffering atropine. This hospital had had a series of patients with post-operative ileus when the post-operative course should have been uneventful. Whereas the same surgeon working at St. Bartholomew's Hospital had not had a single case of ileus using a somewhat similar technique. The only difference being that at Bart's they gave 15 mg. of tubocurarine as opposed to 10 mg. and that they never gave prostigmine as they did not find it necessary. When they stopped giving the dose of prostigmine the result was dramatic, for they never had another case of ileus. As a matter of interest he had taken one hundred consecutive cases in which tubocurarine had been used and had found only one case of postoperative ileus, and this was in a patient who had well-developed general peritonitis at operation. In 50 cases in which gas-oxygen-trilene had been used for the covering anmsthesia there were double the number of pullmonary complications that occurred when cyclopropane had been used in a further 50 cases. This was not a climatic effect because the series ran concurrently. All the cases were abdominal sections.
In perineo-abdominal excision of the rectum he felt that spinal anmsthesia still held its position as there was distinctly more bleeding from the perineal end of the operation when curare was used. Admittedly blood replacement was comparatively easy, but he felt that the patient's own blood was better than the bottled variety. Dr. Gray had brought out a most interesting point about curare in that it could cause retention of urine and difficulty of micturition post-operatively.
Dr. William W. Mushin said that there is one marked disadvantage attached to the use of tubocurarine, namely, the serious bleeding that occurs at the site of operation. This had been a constant observation of his and had been confirmed by numerous colleagues up and down the country, both anesthetic and surgical. The bleeding was probably due to the action of curare on the synapses in the sympathetic ganglia, and hyperventilation had no effect in lessening it. He gave two illustrative cases. For a long time he made a practice ofinfiltrating the abdominal wall with adrenaline in saline to obviate the tedium of the surgeon in tying innumerable vessels before getting on with the operation.
At a meeting of this Section when anesthesia for abdomino-perineal resection of the rectum was discussed, it was held by many present that curare was contra-indicated for this operation on account ofthe profuse haemorrhage during the perineal part of the operation (Proc. R. Soc. Med., 1947, 40, 263 ).
An impression current among many junior colleagues was that spinal anxsthesia was outmoded. He was of the opinion that spinal anesthesia still had a place in aneesthetics, and should be considered whenever a bloodless field in operations of the abdomen and pelvis had special advantages.
The removal of vascular tumours in the abdomen and pelvis, and the repair of difficult herniu were instances of such operations for which spinal anxesthesia would contend with curare when the choice of anesthetic was considered.
Dr. J. Kennedy Harper said that having used d-tubocurarine in a wide variety of cases, he felt that it was the drug of choice when muscular relaxation was required. The patient, a woman aged 56 and weighing lOj stones, gave the history that a year previously she had suffered from ptosis affecting the left eye when she was tired; after three months' treatment with prostigmnine this symptom cleared up. At the time of operation she was free from myasthenic symptoms and had not had any treatment for nine months.
She was given a test dose of 4 mg. of d-tubocurarine chloride intravenously; two minutes afterwards she was completely paralysed, being unable to open her eyes or move her limbs, the tidal air was much reduced. She was then given 0-25 gramme of soluble thiopentone and light general anaesthesia was maintained with cyclopropane, the respiration being assisted.
Profound muscular relaxation persisted throughout the operation for total hysterectomy, which lasted fifty minutes. At the end of operation the tidal air was adequate.
At no time were this patient's myasthenic symptoms-more than minimal and in a less observant subject they might well have gonie unnoticed; in the absence of information provided by the test dose, a grave overdose of d-tubocurarine might have been given. I .
